Delivery of preventive chemotherapy (PC) through mass drug administration (MDA) is used to control or eliminate five of the most common neglected tropical diseases (NTDs). The success of an MDA campaign relies on the ability of drug distributors and their supervisors -the NTD front-line workers-to reach populations at risk of NTDs. In the past, our understanding of the demographics of these workers has been limited, but with increased access PLOS ONE | https://doi.to sex-disaggregated data, we begin to explore the implications of gender and sex for the success of NTD front-line workers.
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Introduction
How societies construct gender-and the resultant gender roles, norms, expectations, and behaviors-has implications for the health workforce. It impacts, for example who is recruited for various positions, who has the opportunity for training and promotion, who is compensated and by how much, and what policies are in place to prevent workplace harassment. Even when opportunities for training or professional development are given to women, gendered responsibilities, norms, and access can limit their ability to take advantage of these opportunities.
Preventive chemotherapy (PC) is used to control or eliminate five of the most common neglected tropical diseases (NTDs)-lymphatic filariasis, onchocerciasis, schistosomiasis, trachoma, and a group of three soil-transmitted helminths [1] and is one of the world's largest public health interventions. In 2018 alone, more than 1.7 billion treatments were delivered to more than 1 billion people [2] . Led by Ministries of Health (MOH), treatment is delivered through annual or biannual mass drug administration (MDA) by drug distributors-the NTD front-line workers. The drug distributors are trained, usually through a cascade training system, and overseen by supervisors. The profile of these drug distributors varies by country [3] from teachers and nurses to community volunteers who are selected and supported differently across countries [4] .
Ensuring gender equity for these female and male drug distributors and supervisors is important. A recent report by the World Health Organization (WHO) states that addressing gender inequalities among front-line workers and ensuring decent work for men and women will not only improve gender equity, but also improve health, and spur greater economic growth [5] . The gender and sex of the drug distributors can also affect their ability to reach populations at risk of NTDs. While published evidence on these effects is limited, it reflects the importance of context and culture. In societies where women cannot discuss health with men, or women cannot let men into their homes, program success may require more female drug distributors; however, cultures where constructed masculinity discourages use of medications, male drug distributors may prove more effective in shifting the behaviors of their male peers [6, 7] .
It has been proposed that the sex of the drug distributor could also impact treatment coverage due to differences in working styles, but evidence of this effect is also limited and mixed. On the one hand, several studies show stronger female performance compared to male. A study in sub-Saharan Africa reported that during the distribution of ivermectin, surveyed community members frequently claimed that female drug distributors were more committed, persuasive, and patient than their male counterparts [4] . Similarly, Katabarwa et al. (2002) 's study in Uganda on the performance of female drug distributors found that increasing the number of female drug distributors potentially strengthened MDA programs [8] . In Tanzania, female drug distributors were reportedly more communicative with drug recipients and spoke in greater depth about trachoma prevention and facial cleanliness. However, these perceptions in themselves could also be a reflection of gender stereotypes. On the other hand, Chami et al. (2019) found that in the Mayuge District of Uganda, female volunteer drug distributors treated 12.0% fewer individuals. The authors could not determine decisively the reason for lower coverage rates amongst female drug distributors, but pointed to gendered roles and responsibilities outside of drug distribution work as a possible reason [9] .
The literature on sex/gender and NTDS mainly focuses on biological differences in infection or social differences with respect to vulnerability to infection or access to services. Males and females have different reactions to and outcomes from NTDs due to biological susceptibility, as in the cases of female genital schistosomiasis (genital mucosal lesions) and hydrocele (enlarged scrotum caused by filarial worms). SCH further increases female's risk for anemia and STH can lead to severe helminth-related anemia in pregnant females [10, 11] . Gender norms and behaviors such as women's responsibility for water collection, household sanitation, and caretaking in many communities makes them more vulnerable to NTD infections such as SCH and trachoma [12, 13] . More traditional male occupational roles such as participating in agriculture and fishing expose men more to the parasites that cause SCH and STH [14, 15] . When work and leisure activities keep men away from the home, their access to treatment during MDA may be reduced [16] . While consideration of the impact of gender on NTD infection and treatment efforts is growing, little research investigates the intersection of sex/ gender and the NTD workforce.
Within the NTD literature there is a lack of sex-disaggregated data. Although Cohn et al. (2019) recently published a paper showing the rapid and significant increase in sex-disaggregated data for MDA in 16 countries supported by the United States Agency for International Development (USAID), which highlights both the feasibility of collecting this data and the power of donor recommendations [17] , there still remain inconsistencies and gaps in disaggregated reporting standards across national programs. This paper seeks to address the gap in availability of published sex-disaggregated data by presenting an analysis of sex-disaggregated data of NTD front-line workers from 16 countries supported by USAID, using data collected on more than three million trainees. We pose and answer two questions. First, what are the trends in availability of sex-disaggregated data on NTD front-line workers? Second, what do the available data tell us about the male-to-female ratio of these workers?
Methods

Data source
This study uses data reported by national NTD programs in collaboration with USAID-supported NTD projects-ENVISION (managed by RTI International) and END in Africa (managed by FHI 360)-between USAID fiscal years (FY, October-September) 2012 and 2017 on training of front-line workers for MDAs. Training data is used as a proxy for the front-line MDA workforce, for which sex-disaggregated data is not available. These front-line workers for MDA are typically selected due to their role as teachers or community health workers (who are often selected by communities or local councils). Trainings typically occur just a week or two before the MDA itself, and national NTD program managers report that the majority of those trained go on to complete MDA.
Aggregate data on persons trained were routinely collected from project records and Ministry of Health (MOH) reports shared with local staff working on USAID-supported projects. Data were recorded in Microsoft Excel workbooks. These were sent to the ENVISION project headquarters at RTI International in the U.S. to be cleaned and subsequently reported to USAID. Data was securely stored in a password protected database that required users to sign a "user agreement" to ensure data security. Countries reported the number of persons trained by categorizing them into one of five predetermined groups: drug distributors, trainers, supervisors, monitoring and evaluation (M&E), or other. Trainers and supervisors were combined for purposes of our analyses because they typically occupy similar roles. We restricted our analyses to the drug distributors and trainers/supervisors categories because the remaining categories together comprised only a very small (6.3%) proportion of the total and were not trainees selected specifically for MDAs. Data were only included when MOH representatives gave written permission to use them. This resulted in 16 out of 25 countries being included in the analysis.
Data cleaning
To check the validity of reported data, we conducted the following steps. (1) We verified that the sum of the number of males and females trained by job category was within ± 5% the total number trained. Three instances were re-evaluated based on this criterion; of them, we obtained corrected data for two and excluded one from the analysis. (2) We checked whether sex disaggregation was based on a formula. First, the percentage of females trained was evaluated to determine if it was between 49-51%, which could indicate that the total trained was simply divided evenly between males and females. Next, we checked reported sex-disaggregated data to make sure that they were not just a retrospective application of the fraction of the at-risk population expected to be each sex, but were instead sex-specific tallies. We identified no instances of sex disaggregation based on a formula.
Trends over time for each category, drug distributors and trainers/supervisors, were examined to inspect the data for potential errors in data entry. Two potential data-entry errors were identified and both were resolved after conferring with partner country offices.
Measures and analyses
Principal variables of interest were sex (males and females as reported by programs), country, job category (as defined above: drug distributors and trainers/supervisors), and fiscal year.
First, we determined the availability of sex-disaggregated data by calculating the percentage of persons trained for which sex-disaggregated data were recorded by fiscal year. Then, we calculated the percentage of male and female trainees by country, job category, and fiscal year among those countries with disaggregated data. Our main analysis of sex-disaggregated data is on FY17 data, the most recent year and during which 100% of trainings reported disaggregated data. Data is not reported by disease, so we were not able to analyze sex-disaggregated data further disaggregated by each of the five NTDs. Because our data contain the universe of training from our target population in participating countries, we did not estimate confidence intervals. Analyses were conducted using SAS version 7.1, and figures were produced with R version 3.5.1.
This study is a secondary data analysis and analyzed only routinely-reported aggregate data from which no individual could be identified, so institutional review board approval was not required. This study is reported consistent with STROBE guidelines.
Results
A total of 3,203,736 trainees were trained with USAID support from FY12-FY17. Of these, sexdisaggregated data were recorded for 2,984,908 trainees (93%). This percentage increased from 59% in FY12 to 88% in FY13 and then to 100% by FY15, which was sustained through FY17 (Fig 1) .
Overall, in FY17, 43% of persons trained were female-43% of drug distributors and 38% of supervisors/trainers. Across countries, the percentage of females trained as drug distributors ranged from 86.6% in Indonesia to 13.4% in Burkina Faso. Out of the 16 countries, 4 countries (Indonesia, Ghana, Nepal, and Haiti) trained more females than males as drug distributors. The percentage of females trained as trainers/supervisors ranged from 78.6% in Senegal to 13.8% in Mali, with 3 out of 15 countries (Senegal, Haiti, and Ghana) training more females than males (Fig 2) . When the percentage of females trained as drug distributors or trainers/supervisors are examined at a country level, there is little evidence of increases in female workforce, except for trainers/supervisors in Senegal and Nepal (Fig 3) . Indonesia and Nepal consistently trained more females than males as drug distributors from FY12-FY17 (Fig 4) .
Discussion
The availability of sex-disaggregated data from trainings of NTD front-line workers increased rapidly from 59% FY12 to 88% in FY13 and reached 100% in FY15, which was sustained through FY17. This increase corresponds with implementation of the 2012 USAID policy requiring the collection and use of sex-disaggregated data in programming [18], including reporting sex-disaggregated data on persons treated [17] . Feedback from partner organizations and countries represented in this study showed that making this change was relatively straightforward in some countries, while other countries such as Senegal conducted supplementary sensitization with trainers and health staff to ensure that they understood the importance of this additional step and that data were collected properly. There were also national NTD programs that had begun reporting their training data disaggregated by sex before 2012. This was due to both national policies and cross-program learning in country. For example, Tanzania was required to report sex-disaggregated data for other health programs prior to 2012, which influenced how the NTD program collected their data. In Nepal prior to 2012, the government also required sex-disaggregation of data.
Despite increased availability of data on sex ratios, there is little evidence of increasing recruitment of female workers in most participating countries. The proportion of the NTD Gender and NTD front-line workers front-line workforce that was female ranged from those which reported a high proportion of female drug distributors (example: Indonesia, Ghana, and Nepal)-to those which reported mostly male drug distributors (example: Benin, Burkina Faso, and Togo). The percent of female trainers/supervisors was lower overall, except in Senegal.
Having sex-disaggregated data is an important foundation for being able to further understand and enhance gender equity in the health workforce. However, despite required collection of these data, it is not clear how much these data are being analyzed and used to inform policies and programmatic decisions. Several of the countries included in this study reported efforts made to use the sex-disaggregated data to influence change, with mixed results. For example, Ghana which has a majority-female workforce, has intentionally shared sex-disaggregated data at national and regional trainings. Burkina Faso, Togo, and Guinea, on the other hand, have tried to use the data to educate communities about the importance of female representation, with little change in the sex ratios of drug distributors in the years that followed, largely due to traditional customs and norms.
The composition of the NTD workforce may reflect broader systemic inequity in education and employment, as well as national policies and gender-related norms, roles, and responsibilities. In Sierra Leone, for example, women's lower educational attainment and literacy levels limit their eligibility for drug distributor positions. Across multiple participating countries, NTD program managers also report that women may be less available due to their household and caregiving responsibilities.
The pre-existing occupation from which drug distributors are selected, and the ways in which they are selected, also impact male-to-female ratios. When NTD programs rely heavily on teachers and nurses to deliver the drugs or to supervise and train (e.g., Haiti and Senegal), the sex make-up reflects those professions, and NTD programs have limited influence over the composition of their drug distribution workforce. Other countries (e.g., Ghana, Mali, Tanzania, and Uganda) use community-based selection processes over which NTD programs may have limited influence due to local cultural and gender norms and biases.
Globally there are cultural and social differences that impact how people perceive and accept drug distributors. Therefore, unequal male-to-female ratios in front-line workers may also be designed to reflect local socio-cultural contexts. For example, Nigeria has strategically designed different regional strategies for drug distributors in response to religious and cultural norms: in the north, men cannot enter a house if a woman is alone, so having more female drug distributors is necessary. Female drug distributors may also not be recruited due to security concerns, especially where there is conflict or unrest.
It is also important to consider that recruiting women as drug distributors may also be putting them in harm's way or be detrimental to their overall well-being. According to Isaacs (2018) and a recent report by WHO, community health workers are commonly subject to sexual harassment [5, 19] . In Nepal, 42% of health workers (not NTD specific) have reported experiencing verbal and physical abuse, and community health workers in Kenya have reported rape and have experienced threats of violence by men when providing HIV testing to their wives [20, 21] . Women often fear reporting cases of sexual harassment due to stigma or backlash, which results in limited data on the security of these health workers [5] . A study in Tanzania found that although community health workers-many of whom also serve as drug distributors-do their work out of intrinsic motivation, they and their families may struggle financially (due to low or no compensation), which places an unfair burden on these volunteer health workers and their family members [22] . Therefore, without concerted efforts to address these challenges, it is understandable why some women may not want to become a drug distributor.
Globally, women's financial contribution to the health system amounts to approximately 5% of global gross domestic product (GDP), but about half of this contribution is unpaid [23] . Furthermore, the average gender pay-gap globally is around 16% [24] . Women and girls carry a disproportionately large burden of unpaid care work, which impacts the type and quality of work that is available to them and reinforces their disadvantaged economic status [5] .
The path towards equity is not simple. Programs must balance empowering women in the NTD front-line workforce without putting them at increased risk of harm or exploiting them and their time. New guidance from the WHO encourages recruitment and selection procedures that maximize women's participation and empowerment, stating that countries should aim for gender equity amongst volunteer health workers where culturally appropriate (ensuring acceptability of services by the target population). This is because employing female health workers can be empowering and offer a "critical opening for change towards achieving greater gender equity within communities [7] ." Ensuring equity in the workforce also requires commitment beyond recruiting-there is a need for opportunities for advancement, equal renumeration, and policies to protect both men and women from harassment or maltreatment.
In most countries represented in this study, the NTD front-line workforce is made up primarily of males and has remained unchanged over the years. While there are sometimes valid reasons for this distribution, there is a need to better understand gender dynamics within NTD programs, in different contexts, and to test interventions to increase equity-in the workforce and of delivery to all persons at risk. We propose in Box 1 below several operations research questions that can be used to move this agenda forward.
Limitations
There were several limitations that impacted our analyses. While we used a standardized data collection tool across all countries, there was no standard method for collecting the training data. The data collection tool also forced countries into selecting 1 of 5 pre-defined categories Box 1. Operational research questions.
• What is the impact of the drug distribution role on women? When does it lead to increased empowerment, agency and opportunities, and when is it potentially exploitative?
• How do payment structures and other incentives affect the composition of the NTD workforce?
• Are men and women in the NTD workforce compensated equally for equal work? If not, why?
• Are more men selected as CDDs when the position is compensated (versus volunteer)?
• Does the type of MDA (school, household, or fixed-point) or the setting (urban, rural) affect the gender ratio of drug distributors?
• Do male and female drug distributors have similar retention rates? If not, what are the driving factors?
• How does the sex of the drug distributor affect program outcomes?
• How can we create policies and programs to achieve gender equity in the NTD workforce?
• How can programs better use the available sex-disaggregated data to make programmatic, policy, and human resource decisions?
for each training, resulting a loss of some qualitative information. We cannot determine the number of unique individuals trained, as the same individual could be trained each year or counted in multiple trainings. Reports from our coauthors from countries included in the analysis indicated that the individuals trained typically represent the individuals that conducted the NTD work; however, individuals that participated in the training may not go on to participate in the MDA. The data were aggregated to the national level and therefore miss regional variation and only represents USAID-supported districts. Number of trainees trained are "as reported" by countries. Some trainings with the same topic took place in multiple locations or over multiple days and were reported as one training. In some countries, there are challenges in collecting sex-disaggregated data which could result in guessing the sex of the trainee based on their name, which inevitably leads to some biased or inaccurate results. However, these issues are expected to introduce a relatively small degree of error. Finally, the data used in this analysis is ultimately the property of each country's respective MOH and each country was able to grant or deny permission based on their own unique circumstances. Countries that did not approve the use of their data were excluded from the analysis, so our results cannot be generalized beyond the countries included.
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